INTRODUCTION
HEMT is a field effect transistor in which different band ranges and polarization fields are enlarged as two layers. HEMTs are used in many areas due to their ability to work at high frequencies and high temperatures. It is used in radar systems, automotive applications, sensors, computer systems etc. [1] [2] [3] There are many fields that conventional III-V group semiconductors are not used. Short wave length light emitters are needed for colour screens, laser writers, and high density data storage and under water communication. Transistors resistant to high power and high temperature are needed for some fields such as automobile motors, developed power distribution systems and many other electric devices. Si and conventional III-V group semiconductors are not suitable for desinging and producing optoelectric devices on blue and ultraviolet region of the spectrum. Gallium Arsenide (GaAs) based electric devices are not used at high temperatures. Group III nitrides are suitable for applications in this field. Group III nitrides has wide and direct band gap. Band gap values are 0.7, 3.4 and 6.2 eV for Indium nitride (InN), Gallium nitride (GaN), and Aliminium nitride (AlN) respectively [4, 5] . Properties such as wide band gap and strong chemical bonds makes them convenient for blue, green and ultraviolet light emitting devices and transistors resistant to high temperature [6] . Towards the end of 20 th century, Shuji Nakamura made it easier to grow high quality GaN epitaxial layer over sapphire (Al2O3) substrate by using MOCVD method [7] . GaN based structures gave way to new developments in optoelectronics. At the same time GaN with its high electron mobility has excellent electron carrying properties and forming large electric field capability [8] . If the properties above are combined, GaN based HEMT has better properties than GaAs. Its power density can be increased to a determined level. AlGaN/GaN structure presents many advantages for high power and high frequency communication according to Si and other III-V group compound semiconductors [9] . Discontinuation of high conduction band, causes large layer charge density at AlGaN/GaN interface for %35 Al compound bigger than 1x10 13 cm -2 [10] . Large band gap of GaN and AlGaN maintains big defect fields and thermal stability of the material permishes to operate at high temperature. These perfect properties caused forming devices which has 1.5 A/mm high current density [11] , 1 kV deterioation potential difference [12] , 11.2 W/mm power density at 10 GHz [13] . Other than optoelectronic applications, this HEMT structure has an important role in nitride hetero structures, emitter stations for satellite communications etc. [14] .
EXPERIMENTAL
In this study, electrical, optical, structural and surface morphological properties of AlGaN/GaN heterostructure semiconductor sample, grown over coriented sapphire substrate by MOCVD method, are investigated. 
Figure.1 Schematic

RESULT AND DISCUSSION
Electrical, optical, structural and surface morphological properties of Al0.3Ga0.7N/GaN HEMT sample grown by MOCVD method is investigated.
XRD
2 versus intensity plot is shown in Figure 2 . On (002) plane GaN, AlGaN and AlN are not fully distorted from each other but it can be seen that on (004) and (006) planes they are distorted from each other. The small figure in figure 2 is the detailed image belonging to (002) plane. Diffraction peaks of GaN layer for (002), (004) and (006) In Figure 3 . 2-Intensity plot is given on asymmetric (011), (012), (013) and (014) planes. Here in (hkl) orientation hk is kept constant and planes on "I" direction are chosen. In some layers peak broadening is caused from AlGaN layer so AlGaN structure can be seen clearly as FWHM on GaN decrease and "I" increase. AlGaN structure is in hexagonal shape crystolographilly and it is compatible with Vegard law and Al alloy ratio shows triclinic structure behaviour. On (011) and (012) planes AlN is in the position that it can not be distorted from GaN and AlGaN. As "I" increases before AlGaN is distorted, peak width of AlN increases to a higher value. But on (014) plane as AlGaN is fully distorted from GaN, AlN peak width decrease. Crystal quality can be understood in more detail by the analysis of FWHM values for these layers. In figure 3, XRD plot for (021), (022), (023) and (024) planes is given. As "I" values are changed by keeping hk values constant it is seen that on (021) plane structure is not fully distorted but when the plane values increase structure is fully distorted. It is noticed that peak widths of GaN and AlN layers decrease by distortion of the structure. These results are valid for peak positions in Figure 4 also. By changing the plane values structure can be examined in detail. Lattice parameter values in Table 2 are very similar with theorical values [17] . Particle size changes with diffraction angles on symmetric and asymmetric planes for GaN, AlGaN and AlN layers. As the angle value increase, particle size also increases. Table 4 . Edge dislocation values for GaN, AlGaN and AlN layers are 5.26x10 9 , 1.40x10 9 and 3.02x10 9 cm -2 , respectively and screw type dislocation values are 1.98x10 9 , 0.52x10 9 and 1.14x10 9 cm -2 , respectively.
Edge dislocation value is the highest in GaN layer but the least in AlGaN layer. The same situation is present for screw type dislocation values. The values given in Table 4 are the average values. Inverse stresses that are seen in all structures shows differences in different structures. In addition to these if symmetric and asymmetric planes are examined carefully, as 2θ value increase stress values also increase. If strain values are examined, it can be seen that all three layers show different behaviour. As stress values increase strain values also increase in GPa degree. This may be as a result of interplanar inhomogeneity. In Figure 5 , lateral and vertical WH plots are given. The plot drawn by using sinθ gives lateral WH and the plot drawn by using cosθ gives vertical WH. In Figure  5 
R12,34 is the current applied through contacts. Potential difference between the contacts is V4-V3 and it is given in equation (2) [19] . 4 3 34 12,34 12 12
In order to simplify the solution of resistance Van der Pauw writes the equation (1) again as a function of thickness (d). The equation gained by this operation is given in equation (3) 
Here f is described as the correction factor of Van der Pauw and is given by equation (4) [19] . In Figure 6 arrows shows the direction of current. Hall Effect voltage (VH) is given by equation (5) .
In this equation B is the magnetic field, w is the width of the sample and e is the charge of the charge carrier.
Hall coefficient RH is given by equation (6).
Hall mobility of the carriers μH and carrier density n Hare given by equations (7) and (8) respectively. 
Resistance measurements of Al0.3Ga0.7N/GaN structure is made at 25-330 K range by using Van der Pauw method. During these measurements magnetic field is kept constant at 0.4 T resistance versus temperature plot without magnetic field is given in Figure 7 . Al0.3Ga0.7N/GaN HEMT structure shows metalic behaviour in temperature dependent measurements and at lower temperatures it shows resistance. The sample presented negative behaviour that shows RH free carriers are electrons. Temperature dependent both carrier density and mobility of the considered sample are shown in Figure 8 . As can be seen in Figure 8 if temperature is lower than 100 K mobility is independent on temperature. 
Photoluminesance (PL)
Photoluminesance (PL) is one of the most common optical characterisation technique for III-V group semiconductors because of its simple and strong measuring property. PL is used for determining quality of and performance of the devices and their defect states [20] .
The energy values gained from PL peaks can be used in determining energy gaps and analysing defect density of the materials. At the same time material quality can be calculated by the FWHM and peak density. As can be seen in Figure 9 peak position is at 383 nm (3.24 eV) and FWHM is 4.27 nm. 
UV-Vis Spectrometer
Band gap and refraction index of the semiconductors can be determined from absorbtion and transmission spectras. Transmission can be transformed to optical absorbtion coefficient of the material by using equation (9) . Taking into account of the sample absorbtion coefficient as a function of the energy can be gained. Equation (10) shows the relation between absorbtion coefficient and band gap.
Here A is a constant and hv is the energy of the incident photon. Optical conduction measurement results are given in Figure 10 . Conduction starts at 360 nm which coressponds to approximate value of 3.48 eV. 
Force Microscopy (AFM)
AFM scanning results in 5x5μm 2 scanning area are given in Figure 11 . As can be seen the structure is in step-terace structure. The teraces in the image are caused by the mixed and screw type dislocations. The structure has 1.61 nm Root Mean Square (RMS) value. This RMS value shows that surface quality is good. Figure 11 . AFM Scanning image
Conclusion
In this study AlGaN/GaN HEMT structure is grown by MOCVD method. The sample is prepared in 5mm x 5mm size. Optic, morphological and electric characterisation of the samples are made with XRD, PL, UV-Vis, AFM and Hall-resistant measurements. 2θ, FWHM, lattice parameters, particle size, strain, stress and dislocation calculations are made on 19 different planes. Material quality and conduction properties of the sample are determined by optical characterisation. Surface roughness of the sample is determined by morphological characterisation. Hallresistant measurements of the sample are made after taking the contacts by Van der Pauw method at 0.4 T constant magnetic field. In optical characterisation according to PL measurement results 383 nm wavelength corresponds to 3.24 eV. This value is in fact the direct band gap of GaN. This measurement showed the high crystal quality of GaN by high peak density and narrow FWHM. In UV-Vis the conduction of AlGaN layer started at 360 nm that corresponds to 3.48 eV. In morphological characterisation low RMS showed that the sample has good surface quality. It is noticed that carrier density is not effected by the temperature and mobility is high. It is assumed that the slight increase on carrier density at high temperature is caused by the annealing effect. On the other hand, as the temperature decrease mobility increase.
